INTRODUCTION
In recent years, there has been increasing interest in nanostructured ceramic materials because of their advanced properties. The superplasticity; improved strength and toughness, higher densification rate and low sintering temperature are observed in these materials [I-4] . The sintering speed Vsintering of ceramic is related to the grain size d by the expression of v sinting oc d --4 [2] . By adding the nano-particles of Ah03 to conventional Ah03, the strength, fracture toughness and thermal resistance of Ah03 ceramic can increaser 5]. Up to now, only a few researchers [6, 7] have concerned about the specific heat and thermal expansion of nano-ceramics, and no report about thermal diffusivity of nano-composite has been found in literature. However, characterizations of thermal diffusivity ofnanocomposite ceramics are very important for designing and preparing this kind of new materials.
Using mirage method to measure thermal diffusivity of material begins at the middle of the eighties [8] . Now, several types of mirage measuring methods, such as the zero crossing method or multiply fitting method, have been developed. Detection is made either in skimming way or in bounding way, either at the front or rear surface of the samples. The pump and probe beams are arranged either in parallel or perpendicular to each other. This method has been used to measure the thermal diffusivity of various new materials, including transparent or opaque materials, solid or liquid, in form of bulk or film with single and multiply layers. We have investigated the thermal diffusivities of bulk, thin film and Cfiber/Cu as well as C-fiber/ A1 composites by means of mirage method [9] [10] [11] . The investigation results show that the mirage technique has the advantages of the localized measurement and can suffer a non-specula surface, when used in skimming way. The investigation results on thermal diffusivity of nano-composite ceramics obtained by using the mirage effect method are presented in this paper.
EXPERIMENTS
Five series of samples are used in our experiments. They are: 86 Ah03 with 86 % of conventional (i.e. rough crystal) Ah03, 96 AiZ0 3 with 96 % of conventional Aiz0 3 and 95 AiZ0 3 with 95 % of conventional Aiz0 3 respectively. They are prepared by rough crystal or composite with nano-phase AiZ0 3, and sintering under different temperatures and environments respectively. The nano-powder Ai20 3 was processed by the technique of hydrolysis of pure aluminum sheet (with the purity of 99.99%) after activation. The average diameter of the powders after transformation to a ex-AiZ0 3 was 27 nm. The preparing procedure of the series of 96 Aiz0 3 samples is describe as follows. The conventional Ai Z 0 3 powder with the composition of (mole) 96% AiZ0 3 and other being Si02, MgO and CaO was used as starting material. The average grain size of starting material is 0.211m. Different amounts (0,5, 10,20,30 mole %) ofnano-phase AiZ0 3 powders were added to the conventional Ai20 3 powder and ball-milled in ethanol for 24 h. These powder mixes were calcined at 100°C for 24h after being dried. The powder mixes were firstly uniaxially pressed at 100 MPa then isostatically pressed at 300 MPa. These green compacts were sintered at 1450 °C, 1530 °C or 1600 °C for 4 h in air. The density of the sintered bodies was measured using the Archimedes method with distilled water as the immersion medium. The grain size was obtained by a linear-intercept method. The structure of main phase for 86 AiZ0 3 composite ceramics is Ai20 3 plus mullite of 10%, but that for 96 AiZ0 3 composite ceramics is ex -AiZ0 3 We refer these materials as the nano-phase Ai20 3 composite ceramics. The physical parameters and the prepared conditions of these samples are listed in Table l . The sizes of specimens of 86 and 96 Ah03 nano-phase ceramic composites are 6 x 6 xl mm 3 . The size of specimens of95 AiZ0 3 nano-phase ceramic composites is 3 cm in diameter and 1 mm in thickness. The surfaces of these specimens are not the mirror surface.
We measure the thermal diffusivity of these samples by means of the transverse mirage method, in which the probe beam works in skimming way and is at the front surface of sample. The expression for the tangential (x-direction) deflection of the probe beam ( i. e., the tangential component of mirage signal) is given by [8] ( 1) where n is the index of refraction of the air, T the temperature, x is the separation between the two laser beams:h is the hight of probe beam from the surface of sample. q and K (with the appropriate subscripts) are the thermal wave number and conductivity of air and samples, Rl and Rz the heating-and probe beam radii, respectively. kg and 1<. are given by (2) The thermal diffusivity of sample is calculated by using following equation 
where Ax is the difference of zero crossing distances of the CPt, f the frequency, s the value of slope of the curve of Ax versus inverse square root frequency.
The experimental system used here, which slightly differs from that used by us previously [9] [10] [11] , is shown in Fig. 1 . A pyroelectric device ofPZT is introduced here for simplification of the measurement procedure and for requirement of practice detection. We use photopyroelectric effect ofPZT to eliminate the influence of original phase resulting from the measurement system, when we carry out our experiment. Since the photopyroelectric response ofPZT to the irradiation of a modulated laser beam is fast enough, we regard the phase of the photopyroelectric signal ofPZT, which results from the absorption of the energy of COz laser beam, as the same as the original phase of experimental system. First, we switch on the photopyroelectric signal from the PZT, to feeding it into the A channel oflock-in amplifier at one fixed frequency. Then we adjust the phase button of amplifier to enable the in-phase signal of CPt to becom maximum. In this case, the influence of original phase resulting from the system is considered to reach minimum. The adjusting sensitivity of phase oflock-in amplifier is of 0.1 degree. Finally, we switch off the PZT signal and switch on the signal from the position sensor to begin the detection of mirage signal by scanning the pump beam along the surface of a standard specimen. It should be noted that we need to do the elimination of origin phase for each frequency. When the measured result is the same as the standard value, we fix the conditions of system and begin to detect the mirage signals for the specimens.
We use Si wafer as a standard specimen, calculate the CPt ofSi and fit the calculated value of C{lt to the measured one. The hight h of probe beam from the surface of sample can be obtained from the fitting, while the radii of probe and pump beams are measured (here are of 50 and 44.5 Ilm respectively). Measurement results show that to get the curves of zero crossing distance versus inverse square root frequency only less than six points of frequency are need. Fig. 2 (a) shows the profile of <Jlt signal for Si wafer, when the pump beam scanning from left to right and backwards. Fig. 2(b) shows the curves of in-phase component versus quarters component of <PI From Fig. 2 , we can see that a phase difference may be introduced by the difference of screw's distance when the scanning direction is changed. Therefore, it is necessary to fix the scanning direction to get precise measured results during measuring for each fixed frequency.
Experimental results show that the nano-phase Ah03 composite ceramics is the kind of material with larger absorption coefficient of CO2 laser beam and is transparent for visible laser light. So the high enough ratio of signal to noise can be obtained in our experiment. Fig.  3 and Fig. 4 show the curves of zero crossing distance dx of the <PI versus inverse square root frequency for some samples. From Figs. 3 and 4 , we obtained the slops of these curves by linear regression fitting. Then we calculate the thermal diffusivities according to the equation (3) . The values of thermal diffusivities of the samples are listed in table 2. Fig. 5 (a) shows the relations between the thermal diffusivity and the fraction of nano-phase Al20 3 curves and thermal diffusivity versus the fractions of nanoparticles for 95 AI20 3, where units of density, porosity, slop and thermal diffusivity are of (glcm 3 ), (%), (mmJs) and (mrn2/s) respectively.
DISCUSSION
From the Fig. 3 and Fig. 4 , we can see that: For the conventional AI20 3 ceramics, the thermal diffusivity of86 AI20 3(%) ceramic f1 is higher than that of the 96 AI 2 0 3 (%) ceramic 141#. It means that the thermal diffusivities depend on the fractions and the structures of rough crystal AI20 3 ceramics. The structure of main phase for 86 AI20 3 is AI20 3 plus mullite (10%), while that for 96 AI20 3 is (l-AI20 3 . The higher the fraction of conventional rough crystal AI20 3, the smaller the thermal diffusivity was. The thermal diffusivity of96 AI20 3 (%) sintering at 1450 °C (sample 41#) is larger than that of96 AI 2 0 3 sintering at 1350 °C (sample 141#), and the thermal diffusivity of 141# is larger than that of sintering at 1600 °C (sample 241#) It means that the thermal diffusivities depend on the where unit of density, porosity, slop and thermal diffusivity are of (glcm 3 ), (%), (mm/ %) and (mmls) respectively. sintering temperatures of ceramics. The higher the sintering temperature, the lower the thermal diffusivity was. From Fig. 5 , it is obvious that the thermal diffusivity is related to the fraction ofnano-phase Ah03 component in the composite ceramic. The higher the value of fraction, the lower the thermal diffusivity was, but it is nonlinear. The thermal diffusivities and their variation with the fraction of nano-phase Ah03 for the specimens sintered in air are larger than that in Ah03 powder. By comparing the experimental results of 141 # and 241 # with that of 144# and 244# respectively, we learn that the thermal diffusivity of samples 144# and 244# ( including nano-phase of 20 %) are larger than that of samples 141 # and 241 #( no nano-phase components included) respectively. This phenomenon is contrary to the law of the samples prepared at the lower sintering temperature of 1450 °C (cf table 1 and 2). Therefore, we can say that the thermal diffusivity of nano-Ah03 composite cer~c is the function of concentration of conventional Ah03, the fraction of nano-phase Ah03 component, the sintering temperature, and the sintering environment.
In addition, we measure the specific heats of nano-Ah03 composite ceramics as a function of temperature by using an instrument of Differential Scanning Calorimeter (PE, America). This Calorimeter can only measure the specific heats for the specimens with limited size ofless 6 mm in diameter and less 1 mm in thickness. Its measuring precise for temperature and caloric are ± 0.1 °C and 0.1 % respectively. For comparing between the specific heats and thermal diffusivities for the same specimens, we measure the specific heats of the 96 Ah03 and 86 composite ceramic specimens. The measured results of specific heats versus temperature will be presented in other paper. The values of specific heats at room temperature listed in Table 2 are obtained by linear intercept method from the curves of specific heats versus temperatures. It is shown that the higher the fraction of nano-phase component, the lower the specific heat is, for the specimens prepared under the sintering temperature 1450 °C. It is contrary to that for the samples sintered under the temperature higher than 1450 °C (cf for 141#,144#, and 241# with 244#). This phenomenon results from grain size effect. The grain size of the specimen sintered under the temperature of 1450 °C is smaller than that sintered under the temperature 1600 °C. The grain size effect of nano-phase Ah03 will appear when the sintering temperature is lower, and that will disappear when the sintering temperature is higher.
According to the theory of thermal dynamics, the specific heat is given by
where S, and T are the entropy and temperature of the solid system. From this equation, we can see that the main contribution to the specific heat comes from entropy. As long as the temperature is not so lower, the electronic entropy can be omitted. Therefore, the system entropy results from the vibrational entropy and configurational entropy. They are related to the properties of the interfaces and the defects as well as the dislocations. Previous researches show that, for the nano-metal, the specific heat increase with decreasing of grain size and density, because the interfaces of atoms have more opening structures, that enable the coupling between atoms to become weak. However, our experimental results show that, for Al20 3 nano-composite ceramics, it is different from the nano-metal materials because the thermal diffusivity of Al20 3 is lower than that of air.
CONCLUSIONS
From this study, the following conclusions can be drawn:
The transverse mirage method is an useful method for determination of the thermal diffusivity of Al20 3 nano-composite ceramic materials. A CO2 laser beam is used as a pump beam and irradiates the front surface of specimen. The probe beam works in skimming way.
The experimental results show that the thermal diffusivity depends on the component fraction ofnano-phase Ah03, the density (or porosity), the sintering temperature, and the sintering environment of samples.
The difference of thermal diffusivities between conventional rough crystal of 86 and 96 Ah03 (i. e., fl# and 141#) is about 37 %, but the differences of thermal diffusivities between the rough crystal 96 Ah03 and nano-composites Ah03 are about 4% to 71 % even up to 114%, depending on the fractions ofnano-phase Ah03 component and the preparing conditions of samples. The higher the sintering temperature and the lower the fraction of nano-phase Ah03 component, the higher the thermal diffusivity was.
Reported here is the first experimental results. The measurement precise is about 7%. More investigations for obtaining the systematic law for such materials are under the way.
